III) with Mr= 280,000. Northern blotting showed expression of TGFP, mRNA in ten, TGFP2 mRNA in two and TGFP3 mRNA in seven cell lines. Our results provide, for the first time, evidence that a large proportion of a broad panel of SCLC cell lines express TGFP-receptors and also produce TGFI mRNAs.
The TGFP family consists of several members of structurally related proteins. The first member of this family to be cloned was TGFPi1 (Derynck et al., 1985) . To date three other members have been cloned and described TGFP2 (Miller et al., 1989b; Madisen et al., 1988; de Martin et al., 1987 ) from murine and human source. TGFP3 (Miller et al., 1989a ) from murine source and TGFPI4 from chicken embryonic tissue (Jakowlew et al., 1988) . These members form a complex network of interacting ligands. The role for each of these has not been clearly elucidated but the expression pattern in the mouse embryo suggest a role in differentiated role in embryogenesis (Pelton et al., 1991) . The TGFI3 family of peptides exerts both stimulatory and inhibitory effects depending on cell type examined (Barnard et al., 1990) .
Receptors for TGFP have been demonstrated in a variety of normal cells of both epithelial and mesenchymal origin as well as in several malignancies (Frolik et al., 1984; Tucker et al., 1984; Massague & Like, 1985; Wakefield, 1987) . At present five distinct TGFI3-r have been identified, type I (Mr = 60-70,000), type 000) , type III (200-400,000), type IV (60,000) and type V (40,000). The type II and III receptors have recently been cloned (Lin et al., 1992 . In addition a TGFP binding protein (150,000 and 180,000) has been described, which binds TGFPi3 but not TGFP2 (MacKay & Danielpour, 1991) . The type I and II receptors are the most probable candidates as the mediator of the signal induced by TGFP (Boyd & Massague, 1989; Laiho et al., 1990) . The type III receptor is believed to be a surface associated proteoglycan, which binds TGFP and ultimately releases it (Andres et al., 1989) or is internalised with TGFP (Massague, 1990) . The type IV receptor has been identified in pituitary cells, but its function has not been established (Cheifetz et al., 1988) . The function of the type V receptor, which has been purified from bovine liver, is unclear at present (O'Grady et al., 1991 (Soderdahl et al., 1988; Derynck et al., 1987; Bergh, 1988) . In another study all of ten SCLC cell lines examined were found to be TGF,B mRNA negative (Lagadec et al., 1991) . In these studies the TGFP isoform investigated was not specified, but most probably it was TGFPI3 mRNA.
These data are the basis for the concept that only NSCLC cell lines can produce TGFP (for review, see Pelton & Moses, 1990) .
In the present study we have examined the presence of (Pettengill et al., 1980; Carney et al., 1985; de Leij et al., 1985; Bepler et al., 1987; Berendsen et al., 1988; Engelholm et al., 1986) . AKR-2B, a mouse fibroblast cell line, which previously has been reported TGFJ-r positive (Tucker et al., 1984) Radioreceptor assay The procedure has been described previously (Massague & Like, 1985; Massague, 1987 (Scatchard, 1949 (Massague, 1987 (Feinberg & Vogelstein, 1983 ) using [a-32P]dCTP and a commerical kit (both from Amersham). The blots were sequentially hybridised with human probes for TGFII and for P-actin. The probes for TGFI31 were a 2.0 kb full length cDNA (Kasid et al., 1988) (Miller et al., 1989b) . The TGFI33 probe was a 609 bp murine fragment of the plasmid pmTGFP3-IIb (Miller et al., 1989a) .
The TGFP2 and TGFP3 probes were obtained from Professor H.L. Moses, Vanderbilt University. RNA extracted from murine heart and lung was used as positive controls. The P-actin probe was a 2.1 kb BamHI fragment of the plasmid pHFj3A-1 (Gunning et al., 1983) . The membranes were prehybridised, hybridised and washed as recommended by the supplier, and exposed to an X-ray film at -80C with an intensifying screen.
Results
Receptor binding studies Saturation of the receptors were reached with a TGFPI3 concentration in the range of 50 to 100 pM (exemplified in Figure 1 ). Non-specific binding, defined as the cell associated radioactivity in the presence of a large excess of unlabelled TGFPI, was relatively high but was an inverse function of binding capacity -23% in AKR-2B with a Bm., of 70 femtomolmg-' protein and 70% in GLC 19, assayed as a single cell suspension, with a Bm., of 4.5 femtomolmg-' protein. This relationship has also been described in other cell types (Massague, 1987) . As about half the cell lines grew as floating aggregates and half as monolayer cultures, we chose to relate all binding data to protein concentration. Scatchard analysis of the binding data showed that cells bound between 5 and 27 fmol mg-' protein with a KD of 16-40 pM (Table I) .
The specificity of the TGFI-r/ligand binding was determined using different displacing agents. The specificity of 1251I-labelled TGF,I binding to GLC 3 is shown in Figure 2 .
It was found that EGF and TGFa, which both binds to the EGF-receptor (Carpenter et al., 1983) did not displace 125i-labelled TGFPI. For all cells tested and found positive in the radioreceptor assay, binding was in all cases specific and saturable.
Cross-linking studies TGFP, binding to the receptors was further visualised by cross-linking the ligand-receptor complex with DSS. Figure 3 illustrates the affinity labelling results of eight SCLC-cell lines. Following electrophoresis on a SDS-PAGE gel, specific TGFiI binding was seen as bands with calculated Mr of 65,000, 90,000 and 280,000; these bands correspond to the type I, II and III TGFI-r. The presence of excess unlabelled TGFPI resulted in the disappearance of these bands, demonstrating that the binding was specific. Seven SCLC-cell lines were TGF3-r positive in the affinity labelling experiments (Table I) .
Northern blotting studies The cell lines were examined for the production of TGFI3 mRNA. Figure 4a Concentration of TGFP pM (Table I) . elsewhere (Frolik et al., 1984; Tucker et al., 1984) Analysis of the binding data demonstrated that Scatchard plots in some cell lines were curved near saturation of the receptors. However, it was not possible, with the ligand program developed by Munson and Rodbard (Munson & Rodbard, 1980) , to resolve the Scatchard plots into two or more compartments. Other investigators have, in normal rat L. DAMSTRUP et al. (Wakefield, 1987; Massague & Like, 1985; Segarini et al., 1987) . Resolving the data with a single class receptor from the linear part of the Scatchard plot demonstrated high affinity receptors in six SCLC cell lines ( Figure 1 , Table I ). The dissociation constant was in all cases characteristic for TGFP binding (Massague, 1987; Wakefield, 1987 (Lagadec et al., 1991) . However, in the cited study the cells were not examined for the presence of TGFI-r. To verify that the binding of TGFPI was in fact to the TGF3-r, the cell lines were tested by cross-linking. After size fractionation on SDS-PAGE gels, all cell lines found to be TGF3-r positive in the radioreceptor assay also displayed one or more specific bands with calculated Mr = 65,000, 90,000 and 280,000 (Figure 3 ). These sizes include reduced TGFP with a Mr of approximately 12,000. The Mr of the corresponding receptors is therefore 53,000, 78,000 and 270,000. The TGFPI receptors have previously been reported as having these calcualted molecular weight (Massague, 1987; Massague, 1990 ). This provides further evidence that TGFP1 binding was to the TGFI-r. One cell line, GLC 16, expressed the type I and II TGF,B-r in this assay. We could, however not demonstrate the receptor in the radioreceptor assay, even using a very high protein concentration (>800 fig ml-' ). The binding capacity in this cell line could be so low that it was below the detection limit in the radioreceptor assay. In the same cell line, we have found that the receptor was functional in that exogenously added TGFP, acted as a growth inhibitor (N0rgard, P., unpubished observation).
We also examined the expression of TGF,B mRNAs in the panel. In 10/20 SCLC cell lines TGFI,B mRNA could be detected (Table I, Figure 4a ). In GLC 3 and faintly in DMS 153 an additional band of 1.7 kb was found, the nature of this band is unclear. A mRNA with this approximate size has also been found in male mice germ cells (Watrin et al., 1991) .
We examined 19 of the SCLC cell lines with a probe for TGFP2 mRNA (Figure 4b) , and in two cell lines (DMS 53 and DMS 114) a single transcript of 3.9 kb was demonstrated. This is in accordance with one of the TGFP2 transcripts reported in other human cell lines (Mori et al., 1990) , whereas none of the additional TGFI2, mRNAs reported (Jakowlew et al., 1991; Mori et al., 1990; Miller et al., 1989b) were detected in the investigated cell lines. We have previously examined 15 of the cell lines in our panel for expression of phosphorylated retinoblastoma gene product (pRb) (Rygaard et al., 1990) . detected, were found to express pRb, and immunocytochemistry demonstrated nuclear localisation of pRb (Rygaard, K., unpublished observation) . Other studies (Templeton et al., 1991) have suggested that pRb is functional only when phosporylated and located in the nucleus. It has recently been reported that the pRb activates the expression of TGFI32 (Kim et al., 1992) . Provided that the characteristics of pRb in DMS 53 and DMS 114 indicates that the protein is functional, our finding that TGFP2 was detected exclusively in the two cell lines also expressing a 'functional' pRb, agrees with the concept that expression of TGFP2 is activated by pRb.
Seven cell lines expressed the 3.5 kb TGFP3 mRNA (Figure   4c ), corresponding to the reported size in other human malignant tissue (Dijke et al., 1988) . Two of these cell lines (GLC 2 and 24H) also expressed a transcript with a size of approximately 2.5 kb, which is the transcript size of TGFPI mRNA, however, these two cell lines did not express TGFPi mRNA.
The probing for TGFP2 and TGFP3 was performed with a murine probe, and there may not be perfect homology to the human mRNA. This implies that additional cell lines could be positive following probing with a human probe. Taken together a total of 12 of the 20 examined SCLC cell lines expressed TGFP mRNA. This finding is in contrast to earlier studies, where a few cell lines have been examined and found to be TGFP mRNA negative (Soderdahl et al., 1988; Derynck et al., 1987; Lagadec et al., 1991) . In one of these studies (Lagadec et al., 1991 ) the examined cell lines included GLC 14, 16 and 19, NCI H69 and N417, all these were TGFP mRNA negative. These cell lines were also included in our panel, but we found expression of TGFPI mRNA in GLC 19 and NCI N417. This transcript was detected as a 2.5 kb band using both the full length cDNA and the 267 bp TGFPI fragment. The difference betwen our results and the previous reported study (Lagadec et al., 1991) , is not apparent, but could be due to a difference in sensitivity.
Our results based on a panel of 21 SCLC cell lines have demonstrated that TGFI3 receptors were present in seven of 21 SCLC cell lines and more than half of the cells examined expressed TGF,B mRNA. About half of the examined cell lines grew as monolayer cultures and half as floating aggregates, but we could not detect any statistical difference between the growth morphology and the expression of TGFI-r or TGFP mRNAs (Chi-square test with Yates correction and Fisher's exact test, P < 0.2). Coexpression of TGF3-r and the ligand was found in six cell lines. These cell lines therefore have the possibility of an autocrine growth regulation. The question whether the SCLC cell lines produce TGF, protein and if this is biologically active is currently being investigated.
